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O(aras - an_1ay,) = 0(an)0(an_1)---0(az)b(aq)

Antimorphism



—

AGGTACCTTAGCTAAGGTACCT
TCCATGGAATCGATTCCATGGA

—

AGGTACCTTAGCTAAGGTACCT

—

Palindromicity
A. de Luca and A. De Luca (2006)




AGGTACGTACCTGTACCTAGGTACAGGTAC

W= T1X2" " Tk, T; € {1’17 9(1‘1)}

w € u{u,f(u)}”

Primitivity and repetition
E. Czeizler, L. Kari, S. Seki (2010)



AGTCAT
AGTATG

AGT CAT

u®’ v = {uv,ub(v)}

Pseudocatenation
L. Kari and M. Kulkarni (2014)
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The state complexity of a regular
language is the number of states in
its minimal deterministic finite
automaton.



The state complexity of an
operation is the worst-case state
complexity of the language resulting
from the operation, as a function of
the state complexity of the operands.
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Prior state complexity results

® Hairpin-free languages (L. Kari et al. 2006)
® (Pseudo-)Inversion (D.-J. Cho et al. 2016)

® (Pseudo-)Duplication (D.-J. Cho et al. 2016)

® Overlap assembly (J.A. Brzozowski et al. 2018)



Regular languages are closed
under antimorphism

® Regular languages are closed under morphism
® Regular languages are closed under reversal

® Antimorphism is morphism composed with reversal
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Ly ®Y Ly = Ly(Ly UB(Ls))

Ly - (Ln U L)
B. Cui etal. 2011



QC’ :{<Q7P7E> ‘ q € QA —FA,P < QQB o {®}7E€ QQ—B_ {@}}
U{<Q7@7@> | q € QA _FA}
U{{q,PU{sp},RUFp) | q€ Fa, P 2957158} R c298-F5}




Qc ={(¢.P,R) | g€ Qa — Fa, P €295 — {(}, R € 295 — {p}}
U{(¢,0,0) | g € Qa — Fa}
U{(q, PU{sp},RUFB) | q€ Fa, P 2957155} R ¢ 20n~F51
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Machine A final




(m-kA4)(27-1)(27-1)

Qc ={(¢, P,R) | ¢ € Qa — Fa, P € 297 — {0}, R € 2°% — {0}}
U{(q.0,0) | g € Qa — Fa}

U{(qg,PU{sp},RUFRB) | q€ Fa,P € 298715} R c2@s~F5}
kA(2n-1)(2n-kB)




(m-kA4)(27-1)(27-1)

Qc ={(q.P,R) | g€ Qs — Fa,P €29 — {(}, R € 297 — {p}}
U{(q.0,0) | g € Qa — Fa}
U{(q, PU{sp},RUFB) | q€ Fa, P 2957155} R ¢ 20n~F51

kA(Qn—l) (2n—kB_])+1
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Lower bound

J.A. Brzozowski and D. Liu, 2013




Operation State complexity

Lm @ Ln (m—1)(2*" — 2"t +2) 4 2*" 2 —2" "1 1
Lan mQ” — 2n—1
Ly(LnULp) (m—1)2"FP —2" — 2P 4 2) 4 2"FP~2




Operation State complexity

Lo (n—1)(2%" —2ntl 4 2) 4 2272 _9n—1 4
L? n2™ — 2n~1
Pseudosquare

(Square: N. Rampersad, 2006)
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AGGTACGTACCTGTACCTAGGTACAGGTAC

W= T1X2" " Tk, T; € {1’17 9(371)}

AGAGT CGT AGT

LO%, L = {AG, AGT,TG,CGT, TT}



L% = L(LUO(L))"







L% = L(LUO(L))"

(L, U Ly)"

A. Salomaa, K. Salomaa, S. Yu (2007)



Q' = Q1 UQq,
Q1={(P,R)|0#PCQ—-FRCQ—{5}},
Q2={(PU{s},RUF) CQxQ|(PUR)N(FU({5}) #0}.



v-aua

Q={(P,R)|0£APCQ—-FRCQ— {5}},
Q:={(PU{s}, RUF)CQxQ|(PUR)N(FU{s}) #0}.




v-aua

Q={(P,R)|0£APCQ—-FRCQ— {5}},
Q:={(PU{s}, RUF)CQxQ|(PUR)N(FU{s}) #0}.

Including final states



Q' = Q1 UQy, (27-k-1)(2n-1)
Qi ={(PR)|0APCQ—-F,RCQ— {5}},
Q2= {(PU{s}, RUF)CQxQ|(PUR)N(FU({s}) # 0}.

(2m1)(2m)



Q' = Q1 UQy, (27-k-1)(2n-1)
Qi ={(PR)|0APCQ—-F,RCQ— {5}},
Q2= {(PU{s}, RUF)CQxQ|(PUR)N(FU({s}) # 0}.

(2m1)(2m)

This changes further depending
on whether or not s € F.




Lower bound



Operation

State complexity

2277,—1 - 2n 4 1
2n—1 4 2n—2
2m+n—1 o 2m—1 o 2n—1 _|_ 1




Future work

kth pseudopower and pseudocube,
finite languages, universal witnesses



Finite languages

® State complexity of operations on finite languages is
often much lower (C. Campeanu et al. 1999)

® Starting with a finite set and generating sets of words
makes sense from the biological perspective



Universal withesses

® Universal witnesses used in pseudocatenation are not
the ones for combinations of operations with reversal!

® | ower bound witness for iterated pseudocatenation is
not a universal witness as defined by Brzozowski

® Are there universal witnhesses for combinations of
operations involving antimorphisms?



kth pseudopower

® State complexity of power and cube (M. Domaratzki and
A. Okhotin, 2009)

® State complexity of square and power for unary
languages (N. Rampersad, 2006)

® State complexity of k-catenation (Esik et al. 2009, Caron
et al. 2016)
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